Abstract -Karyotypes of 27 species (2n=10, 12 and 14) belonging to the subgenus Vicia have been inserted as the training set for Linear Discriminant Analysis (a statistic procedure that uses the variables of known groups or species to classify-identify new unknown groups or species using the same variables). Many of the accessions inserted in the identifi er as unknown (40 new accessions analysed) have been identifi ed correctly. Besides, identification mistakes or species attribution have been highlighted. In fact, in some cases, the recorded karyotype for an analysed accession could not be corresponded to the literature data for that species of the related accession stored in the germplasm bank. In these cases Linear Discriminant Analysis (Identifi er) has given a precise indication of the similarity of the analysed karyotype in the Data Base (Training set), with the specie having much more similar chromosomes. This type of identifi cation, realised only with the karyotype data, appears to be the fi rst example of karyotype used as a tool to identify plant species, using multivariate analysis techniques.
INTRODUCTION
The karyotype is the full set of chromosomes of a species; it is arranged with respect to number, size and shape of a cell chromosome complement, in which the single chromosomes are identifi ed considering their morphological traits. All the species, plants and animals, have a well defi ned and a particular shape and dimension of chromosomes "Karyotype" (VON type" (VON type" (V SENGBUSCH, Botanik online -2003) .
The discovery of the constant species-specifi c numbers of chromosomes by STRASBURGER (1910) STRASBURGER (1910) STRASBURGER leads to the question, whether the karyotype might provide information about the systematic position of a species.
All the reports, concerning plant systematic studies, need to know the genetic constitution of the Taxon under study, and particularly its chromosome complement, together with its morphologic, biologic and ecologic description, can strengthen the uniqueness of the new botanic entity.
The karyotype of a specie is generally subject to little variations and we can assert that two similar species can be different for a number of chromosome rearrangements correlated with phyletic distance between them (STEBBINS 1966). When we consider some genuses with many species, the ecology and the morphological data cannot be suffi cient to obtain a clear representation of the phylogenetic relationships between species. In these cases cytotaxonomy can be an effective tool and it can allow a more accurate knowledge of the relationships (COUTINHO 1952; HANELT and MET-TIN. 1970; DEWEY 1984) .
In Cicer ( Cicer ( Cicer Fabaceae) genus the karyotypes of eight annual species were studied to point out their phyletic relations and the genetic distances, to clarify the intercrossing barriers between the wild and the cropped species, Cicer arietinum L., for the introgression of useful genes (OCAMPO et al. 1992) . All the eight species showed a peculiar karyotype. Four cropped varieties of Cicer arietinum L. were also studied to establish a standard karyotype in the cultivated specie, particularly for "Kabuli" type that is most widespread in the Mediterranean basin, the four varieties within this species can be distinguished by their slight chromosome variations due to pericentric inversions (VENORA et al. 1995b) . In another group of Fabaceae, the Vigna genus, it was shown that it is possible to recognize the specie for its particular karyotype (VENORA and SACCARDO 1993; VENORA et al. 1995a;  The karyotype as a tool to identify plant species: Vicia species Vicia species Vicia belonging to Vicia subgenus Vicia subgenus Vicia Venora * Gianfranco, Concetta Ravalli and Roberto Cremonini 1 VENORA and PADULOSI 1997; VENORA et al. 1999) . The graphic representation of symmetry indices, calculated by the karyotypes (VENORA et al. 1999) , allows the grouping of the species, according to their morphologic classifi cation (MARECHAL et al. 1978) . In the same Vigna genus some varieties of the cropped specie, Vigna unguiculata L. (Walper), can be identifi ed through karyotype analysis due to the identifi cation of 'marker' chromosomes (VENORA and PADULOSI 1997) . This identifi cation was also possible by the use of an image analysis system, that allows the study of the karyotype with high precision and details (VENORA et al. 1991) . The Vicia L. genus comprises about 212 species (ROSKOV and BISBY, 2005) that are widespread in the temperate zone of both hemispheres (KUPICHA 1976) ; it is a part of Viciae (Fabaceae) Legumes tribe. BALL (1968) divided the genus into four sections: Vicia, Cracca Gray, Ervum
Gray, Ervum Gray (L.) Gray and Faba (Mill.) Gray; afterwards, KUPICHA (1976) recognized two subgenera, Vicilla and Vicia, with 17 and 5 sections respectively. The subgenus Vicia has less species than Vicilla. The Vicia genus is one of the more studied groups, also from a karyological point of view. The chromosome morphology can be a diagnostic feature, there is evidence of the symmetrical or almost symmetrical chromosomes prevalence, meta -and submetacentric chromosomes are present in the subgenus Cracca, while the subtelocentric chromosomes are predominant in the subgenus Vicia and it may have an evolutionary signifi cance (HANELT and METTIN 1989) .
The analysis of the karyotypes in some Vicia species was used diagnostically to identify single species. In fact, HANELT and METTIN (1989) refer to a key for the determination of some species in the Vicia genus that is only based on the characteristics of their chromosomes (SVESNIKOVA 1927; METTIN and HALNET 1964; HANELT and METTIN 1966; HANELT and METTIN 1970) . Recently, MAXT-ED (1993) reconsidered the subgenus Vicia and proposed a new classifi cation with nine sections. Now it is possible to distinguish critical groups, morphologically very similar or hybrid, thanks to the use of the karyological and morphological data that were elaborated by statistic multivariate analysis, such as cluster analysis and canonical variables (TECHIO et al. 2002) . These authors report the results obtained on 26 harvested accessions of Pennisetum sp. pl. (Poaceae) , that were correctly classifi ed by karyological and morphological data.
On the base of these considerations and using only karyotypes, this report relates the attempt to use karyological data for the identifi cation of some species in the Vicia subgenus.
The discriminant function based on the specimen with taxonomic identity was used for the identifi cation of unknown material. Linear Discriminant Analysis is a method used for grouping groups or species defi ned by their quantitative and qualitative variables (FISHER 1936; 1940) . The FISHER 1936; 1940) . The FISHER karyotypes data of many known species, previously codifi ed, were used to identify the specie of unknown samples.
MATERIALS AND METHODS
The identifi er was realized by applying the Stepwise Linear Discriminant Analysis (LDA) (SPSS, 15.0 Inc 1989 -2007 , procedure used to classify groups defi ned by quantitative and binary variables (FISHER 1936; 1940) . This classifi cation FISHER 1936; 1940) . This classifi cation FISHER technique requires the setting up of a training set; i.e.: it needs a certain number of previously known groups (prior identifi ed), on which the algorithm fi nds the better variables, in our case the karyomorphological traits, to identify different unknown groups. A training set for a group training set for a group training set is better if constituted by a convenient number of cases: metaphase plates in our case.
The variables are chosen cyclically, for their contribution to the strength of the classifi cation model and the process was automatically stopped when no remaining chromosome feature increased the discrimination ability.
The procedure of cross validation was applied to verify the performance of the classifi ers carried out. This method, that is applied for small data populations, in the absence of a broad group of new unknown cases, tests the individual cases and classifi es them on the base of all the others (SPSS Application Guide, 2004) .
The analysis provides the calculation of the better discriminant functions, using the stepwise method and cross validation procedure. Finally, the analysis answer is if the groups, previously identifi ed, are distinguished by the identifi er. An estimate of this accuracy is given by the square distance from the group barycentre, called Mahalanobis distance; small values indicate that the identifi er has a good power of discrimination. The discriminant scores of the analysed cases can be represented in a system of Cartesian axes (graph not shown) that can draw the relative relations between single groups, how the distances between them are proportional to the real differences of cases (species). Even if the representation is only possible in three dimensions in space, the analysis and the discrimination are carried out in a mul-tidimensional space where the number of the possible dimension is given by the number of the discriminant functions; the theoretical functions number is equal to the number of groups-1 or to the number of variables-1 that is often more than three, which are the only ones that a human being can perceive. For this reason the fi gures of the discriminant scores are not here reported.
Since we have to examine many different species, as reported in Table 1 , we decided to realize three different identifi ers according to the three chromosome complement numbers (2n=10, 2n=12 and 2n=14) present in our materials, a fourth Vicia identifi er, was realized for all the studied species, including at the same time the three previous groups.
All the data used in the training set (Table 1 ) come from published karyotypes data of some sections of Vicia subgenus (VENORA et al. 2000; FREDIANI et al. 2005; CAPUTO et al. 2006; RUFFINI CASTIGLIONE et al. 2007 ) amount to 194 metaphase plates. The unknown data of the test set are differtest set are differtest set ent accessions of corresponding previously studied species, they amount to 310 metaphase plates; Castiglioni et al. (2007) the karyotype as a tool to identify plant species: vicia species belonging to vicia subgenus vicia subgenus vicia 303 the karyotypes of the unknowns were analysed following the method described by VENORA et al. (2000) . In Table 2 the karyotypes morphometric data of Vicia accessions, inserted in the identifi er as test set (unknown), are reported as well as the source and the accession code and the number of analyzed metaphases, signifi cant differences among chromosomes are highlighted by the cluster analysis of SCOTT of SCOTT of and KNOTT (1974).
In Table 3 all the karyomorphological parameters, inserted as variables in the Linear Discriminant Analysis, are listed.
RESULTS
Identifi er 2n=10 -To realize the identifi er for the species with 2n=10, the fi rst step was to insert fi ve accessions of four different species as known Afterwards, two accessions were inserted as unknown, V. melanops IG 63373 and V. ciliatula EN3102 that were classifi ed at 100% as V. Ciliatula with a Mahalanobis distances range between 0.7 -13. This is a reliable identifi cation, so they will be later inserted in the identifi er as V. Ciliatula to increase the data base of this specie as training set of identifi er 2n=10. At the same time another three accessions with complement 2n=10, V. mollis IG 63747, V. mollis IG 63380 and V. mollis 63435, were identifi ed at 100% as V. mollis with a Mahalanobis distances range between 4 and 63 (Table 4 section a, step with unknown species). This is also a good identifi cation, therefore these accessions will be codifi ed as V. mollis and will increase the data base of this specie in the training set of the identifi er 2n=10
The obtained identifi er for the specie of Vicia genus, with a chromosome number equal to 2n=10, is reported in Table 4 section b. Seven variables were used. The identifi cation data base was realized with nine different accessions of four species, for a total amount of 64 metaphase plates, the Mahalanobis values are very small, between 0 and 11. Identifi er 2n=12 -In the construction of the identifi er for the species with 2n=12, the fi rst step was to insert eleven different species as known species previously studied karyologically ( Table 1) . The results of the realised identifi er for the group of the karyotype as a tool to identify plant species: vicia species belonging to vicia subgenus vicia subgenus vicia 311 Table 3 The Syi value indicates the ratio of the mean length of the short arms against the mean length of the long arms in a chromosome set Syi = Table 5a ; 100% of the cases (72 metaphase plates) identifi ed previously were grouped correctly. The accuracy is high, in fact the Mahalanobis distances range were between 0 and 28. Then, seven accessions were inserted as unknown. In the fi rst step with unknown species, (Table 5a , 1 st step) three accessions were identifi ed, the values of Mahalanobis distances resulted inferior to 200, a limit that was considered to be valid to accept the proposed identifi cation. V. hybrida IG 116210 and V. pannonica PI 17008 were identifi ed in 100% of cases as V. hybrida, V. hybrida IG 64621 was identifi ed in 100% of cases as V. sericocarpa. In the 2 nd step with unknown species (Table 5a, 2 nd step), after the adding of the correct identifi ed accessions by the previous step, V. hybrida IG 63593 was identifi ed as V. hybrida.
In two further steps (data not shown) the accessions V. noeana IG 64241, IG 63814 and IG 63535 were identifi ed as V. noeana, consequently the number of analyzed metaphases of the training set increases from 72 of the fi rst step to 129.
The identifi er obtained for the specie of Vicia subgenus with a chromosome number equal to 2n=12 is reported in Table 5b . 17 variables were used and the accuracy was good, the Mahalanobis distances were between 0 and 58, while the identifi cation data base was composed by 18 different accessions of 11 species, for a total amount of 129 metaphase plates.
Identifi er 2n=14 -According to the construction of the other identifi er in order to realize the identifi er for the specie with 2n=14 the fi rst step was to insert twelve different previously analyzed species (84 metaphase plates) as actual groups or training set ( Table 1 ). The results of the identifi er training set (Table 1 ). The results of the identifi er training set for the specie with 2n=14 are reported in Table  6a . 100% of cases, previously identifi ed, were grouped correctly. The accuracy was high, in fact the Mahalanobis distances recorded values were between 0 and 28.
Afterwards, ten unknown species were inserted and identifi ed ( In two further steps (data not shown), after the addition to the training set of the correct identitraining set of the correct identitraining set fi ed accessions in the previous step, the accession V. lutea 249880 was identifi ed as V. lutea, and the accession V. michauxii IG 63533 was identifi ed as V. michauxii IG 63533 was identifi ed as V. michauxii V. lutea. As a consequence the training set data base increased from 84 to 161 metaphases. The identifi er obtained for the specie of Vicia genus with 2n=14 chromosome number is reported in Table 4 Section a: Identifi cation performance, metaphase plate number (-) and Mahalanobis range of Vicia species with 2n = 10. Section b: Vicia species identifi er 2n = 10, data base metaphase plate number (-).
Training set (64) Accuracy (%) 100 (14) (8 + 8 + 6) (9) (3 + 4 + 4 + 3 + 5)
Variables used in the analyses as reported in Table 3 the karyotype as a tool to identify plant species: vicia species belonging to vicia subgenus vicia subgenus vicia 313 Table 3 (1, 3, 4, 7, 9, 11, 16, 18, 19, 21, 22, 24, 25, 28, 30, 33 and 34) -Mahalanobis distance range of training set halanobis distance range of training set halanobis distance range of : 0 --28. training set : 0 --28. training set 2 nd step : Variables used in the analysis according to Table 3 (4, 7, 8, 9, 11, 13, 16, 18, 19, 21, 22, 25, 28 Table 5b -Vicia species identifi er with 2n = 12, data base metaphase plate number (-).
Training set Accuracy (%)
(9 + 6 + 4 + 10) (8 + 5) (11)
Variables used in the analyses as reported in Table 3 (7, 8, 9, 10, 11, 16, 18, 19, 21, 22, 24, 25, 27, 28, 30, 32 Table 6b . 19 variables were used, the accuracy seemed good and the Mahalanobis distances values were between 0 and 38. The classifi cation data base was realized with 24 different accessions of 12 species, with a total number of 161 metaphase plates.
Vicia identifi er Vicia identifi er

Vicia
-After the establishment of the identifi er -After the establishment of the identifi er three identifi ers, realized as blocks, for species groups with chromosomes numbers 2n=10, 2n=12 and 2n=14, we have joined all data in a single bigger identifi er, where the groups identifi ed in each identifi er (2n=10, 2n=12 and 2n=14) were maintained. At this point it is constituted by 27 different species with 51 accessions, for a total amount of 354 identifi ed metaphase plates. The results of the identifi er for Vicia subgenus are reported in Table 7a . 100% of cases previously identifi ed (actual groups) were grouped correctly. The accuracy was acceptable, in fact Mahalanobis distances recorded values between 0 and 163. 
Step with Accuracy (%) unknown species 100 V. lutea ( Mahalanobis range 12 --141
Variables used in the analysis according to Table 3 (1, 2 , 3, 7, 9, 19, 21, 22, 24, 25, 27, 28, 35, 36 Table 6b -Vicia species identifi er with 2n = 14, data base metaphase plate number (-).
Training set Accuracy (%) (161) 100
V. aintabensis ( A4 ) (5 + 4 + 3 + 8 + 5) (9 + 4 + 4) (8 + 14 + 9 + 6) (8 + 6 + 7 + 7)
Variables used in the analyses according to Table 3 (1, 2 , 3, 4, 8, 9, 10, 14, 18, 19, 21, 22, 25, 27, 28, 33, 34, 36 Afterwards, the accessions studied karyologically but not yet identifi ed in each identifi er, were inserted as unknown in order to test the performance of the new identifi er. The result is reported in Table  7a . In the fi rst step, the accession, V. hyrcanica PI 250797, was identifi ed as V. hyrcanica in 100% of cases, in the 2 nd step after having added the accession identifi ed in the previous step, the accession V. michauxii PI 561420 was identifi ed as michauxii PI 561420 was identifi ed as michauxii V. hyrcanica. In two further steps (data not shown) the two accessions, V. hyrcanica W6-6268 and V. pannonica PI 220887, were identifi ed as V. hyrcanica and the the karyotype as a tool to identify plant species: vicia species belonging to vicia subgenus vicia subgenus vicia 315 accession V. mollis IG 63797, was identifi ed as V. mollis IG 63797, was identifi ed as V. mollis V. sericocarpa and the three accessions, V. sericocarpa IG 60014, V. sericocarpa IG 60702 and V. mollis IG V. mollis IG V. mollis 63743, were identifi ed as V. hyrcanica.
The identifi er obtained for the specie of Vicia genus is reported in Table 7b . 30 variables were used. Mahalanobis distances values are included between 0 and 198. The identifi cation data base was realized with 59 accessions of 27 different species of Vicia subgenus, for a total amount of 424 metaphase plates.
In Table 8 accession of the analysed and identifi ed species are reported (inserted as unknown) according to our results, where it is possible to observe that among the species with chromosome number 2n=10, only one was in disagreement with bank classifi cation, among the species with chromosome number 2n=12, eight accessions have a new identity and for two accessions coded by germplasm bank as V. hybrida it was not possible to assign them to any group because they had Mahalanobis distances values higher than 200 (hence (8 + 8 + 6) (9) (7 + 4 + 3 + 5)
(6 + 17 + 9 + 6) (7) (9 + 6 + 4 + 10)
V. aintabensis ( A19 ) (5 + 4 + 3 + 8 + 5) (9 + 4 + 4) (8 + 14 + 9 + 6) (8 + 6 + 7 + 7) Table 3 (1, 2 , 3, 6, 7, 8, 9, 10, 11, 14, 15, 17, 18, 19, 20, 21, 22, 24, 25, 27, 28, 31, 32, 33, 34, 35, 36 and 37) . Mahalanobis distance range of training set : 0 --163.
training set : 0 --163. training set 2 nd step -Variables used in the analysis according to Table 3 (1, 2 , 3, 6, 7, 8, 9, 10, 11, 14, 15, 17, 18, 19, 20, 21, 22, 24, 25, 27, 28, 31, 32, 33, 34, 35, 36 and 37) . over the limit we consider to accept the identifi cation consistent). Among the accession with chromosome number 2n=14, seven have a new identity and six accessions coded by the germplasm bank as V. michauxii were not considered possible to assign to any group due to the Mahalanobis distances values being higher than 200.
DISCUSSION
The question: Can we use karyotype for identification purposes?, can also have another answer by these results, that, using new techniques, showed yet again the usefulness of karyotypes.
The multivariate analysis techniques, used to realize this identifi er for the Vicia subgenus, has been applied for a long time as algorithms for taxonomy (FISHER 1936) .
FISHER 1936). FISHER The possibility of using quantitative variables makes these techniques easily applicable in the morphological studies to distinguish hardly distinguishable plant species. A recent example was reported for some species of Cyperaceae of the Carex genus (REPKA 2003; DOWNER et al. 2003.) .
The discriminating analysis was also applied to recognize plants infesting crops, on the base of leaf size and colour (CAMARGO NETO et al. 2006) , many wild species and cropped varieties can be recognised by their morphological traits Mattana et al. 2008 , Venora et al. 2007a Venora et al. 2007b ). In the same way, the karyotype data were used as quantitative traits of chromosomes morphology and used to distinguish subgenus Vicia species. 
V. hybrida ( A12 ) (13 + 13 + 6 + 8 + 5 + 7 + 16 + 7) (6 + 17 + 9 + 6) (7) (9 + 6 + 4 + 10)
V. aintabensis ( A19 ) (5 + 4 + 3 + 8 + 5) (9 + 4 + 4) (8 + 14 + 9 + 6) (8 + 6 + 7 + 7) V. narbonensis (
Variables used in the analysis according toTable 3 (1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 13, 14, 15, 17, 18, 19, 20, 21, 22, 24, 25, 27, 28, 31, 32, 33, 34, 35, 36 and 37 The results showed as a database of about 424 metaphase plates of 27 different species (59 accessions) in the subgenus Vicia can be adequate to identify species in one of the known groups or to exclude with accurancy that the analysed karyotype is different from those present in the identifi er data base. Besides, the unknown karyotypes, after being identifi ed with a certain reliability, were inserted in the data base of the corresponding specie, increasing the identifi cation power.
Step by step, the identifi er was implemented. Sometimes we found differences between the name of an accession from the germplasm bank and our identification results as reported in Tab. 8. We have to remember that species previously identifi ed in the training set, that we have utilized for comparison with the unknown accessions came from the germplasm bank too. We also assumed that the germplasm banks gave us samples controlled adequately and classifi ed correctly. For example, the accessions where the mistake from the germplasm bank was more evident, are two accessions of V. mollis, IG 63797 and IG 63743 that were identifi ed as V. sericocarpa and V. hyrcanica. V. mollis was described with a chromosome number 2n = 10 (MAXTED 1993). The considered accessions were both with 2n = 12, so we assumed that they were not V. mollis.
Another important example is the accession V. michauxii PI 56142, that was identifi ed by the V. michauxii PI 56142, that was identifi ed by the V. michauxii identifi er as V. hyrcanica; V. michauxii has a chromosome number 2n = 14, instead this accession has 2n = 12.
The discrepancies between our results and information from germplasm banks can be explained by a mistake from germplasm bank or by a mistake on our side: i.e the voucher specimen for morphological data is not right or we have used species not corresponding to the typus karyotype. The method is valid as an instrument to identify species by multivariate analysis techniques of karyotypes; in this way we could check if an accession is or not the considered specie. This method could be useful also for the germplasm banks that have many different materials and there is the possibility of seed mixing and accidental changes of samples. Therefore, it will result to be a quicker and alternative way instead to verify the morpho -physiologic traits of typus in the plant during the biological cycle.
The results are very encouraging. Many of the accessions inserted in the identifi er as unknown were correctly identifi ed, the Linear Discriminant Analysis (Identifi er) indicated exactly the similarity of the examined karyotype, with the specie having more similar chromosomes present in the data base (training set) of the identifi er.
It seems possible to use karyological information to discriminate the taxa by the realization of specifi c identifi ers in Vicia genus too; but it is important to use specimens for the training set of training set of training set certain and correct classifi cation considering it as "standard karyotype or typus karyotype". This kind of identifi cation, realized by the karyotype data, seems to be one of the few examples of using the karyotype as a tool to identify plant species by multivariate analysis techniques.
